RNA; this finding suggests that both contain a 5Ј cap which inhibits miRNA-guided degradation of target structure. The 3Ј end of 4.0 kb RNA and the 5Ј end of mRNAs. A miRNA (miR162) target sequence was prethe 2.5 kb RNA did not require any treatment prior to dicted near the middle of DCL1 mRNA, and a DCL1-adaptor ligation. The 3Ј RACE reactions corresponding derived RNA with the properties of a miR162-guided to the 4.0 kb RNA yielded a homogeneous PCR product cleavage product was identified and mapped. These ( Figure 1C, lane 1) . Nine of ten clones from this product results indicate that DCL1 mRNA is subject to negative contained a 3Ј end that mapped precisely to the exon feedback regulation through the activity of a miRNA.
Research) and was reverse transcribed as previously described [15] . This was followed by 3Ј RACE PCR with an adaptor sequencespecific reverse primer (5Ј-TTTTCTGCAGTC CACTCTTGACGAC-3Ј) and a gene-specific forward primer DCL1-3343F (5Ј-GCGTGGGA CAACCCTCTTCAGAGA-3Ј). The 5Ј ends of the 2.5 kb RNA population were mapped by 5Ј RACE as previously described [9] . The genespecific 5Ј RACE primer was DCL1-3993R (5Ј-GGGTAACCTCTGAGCACCTCGGATAAGT-3Ј). If DCL1 mRNA is a miR162 target, then DCL1 should be posttranscriptionally controlled by negative feedback. sequence downstream from the predicted lariat branchjunction site is predicted to form an extended fold-back If DCL1 is active and miR162 is produced, then DCL1 RNA levels should be relatively low due to miR162-structure that resembles known Arabidopsis miRNA precursors. Blot assays of Arabidopsis small RNA with raguided cleavage and degradation. This model predicts that dcl1-7 RNA encoding a debilitated protein, which diolabeled sense and antisense probes from intron 14, 1 and 4), dcl1-7 (lanes 2 and 5) , and hen1-1 (lanes 3 and 6) mutant plants and from vectortransformed (lanes 7 and 9) and P1/HC-Proexpressing (lanes 8 and 10) transgenic plants was prepared and analyzed as described [15] . The blot was probed with an end-labeled oligonucleotide that was complementary to miR162 (upper panel). The same filter was stripped and reprobed with a radiolabeled oligonucleotide that was complementary to miR171 (middle panel). The ethidium bromide-stained gel in the zone corresponding to tRNA and 5S RNA, prior to blot transfer, is shown (bottom panel). results in low or limited amounts of miRNA, will accumu-RNA blot assays (RNaseIII domain probe) for DCL1 or dcl1-7 RNAs were done by using leaf and inflorescence late to relatively high levels in mutant plants. The model also predicts that wild-type DCL1 RNA levels will intissue extracts from La-er control and dcl1-7 and hen1-1 mutant plants. DCL1 mRNA and 2.5 kb RNA in La-er crease in plants with mutations, such as hen1-1, that negatively affect miRNA production or activity. Both of tissues accumulated to relatively low levels that were difficult to detect under standard hybridization condithese predictions were tested. -enriched (lanes 1-4) or total RNA (lanes 5-12) were analyzed by using a radiolabeled probe corresponding to the DCL1 RNase III domain coding sequence. Samples were from leaf or inflorescence tissue of La-er, dcl1-7, or hen1-1 plants, as indicated above each panel. The blots were stripped and hybridized with a ␤-tubulin-specific probe [ Figure 4A, lanes 1, 3, 5, and 7) . However, dcl1-7 mutant mRNA accumulated in leaf and inflorescence tissue to levels that were 2.6-and 2.8-fold higher, respectively, than those in La-er plants (Figure 4, lanes 2  and 4) . These effects were specific to the dcl1 mRNA, as neither ␤-tubulin (At5g23860) nor HEN1 mRNA was affected by the dcl1-7 mutation (Figures 4A and 4B) . In leaf and inflorescence tissue from hen1-1 mutant plants, DCL1 mRNA accumulated to 3.7-and 3.2-fold higher levels compared to those in La-er plants. Interestingly, the levels of the 2.5 kb dcl1-7 or DCL1 RNA in dcl1 and hen1 mutant plants, respectively, were elevated to amounts that were comparable to the increase of fulllength mRNA ( Figure 4A) .
tions (
To further test the hypothesis that DCL1 RNA is negatively regulated by miRNA-guided degradation, the effects of TuMV P1/HC-Pro on DCL1 RNAs were tested. This RNA silencing suppressor inhibits siRNA and miRNA-guided cleavage of target RNAs [13, 16] . Leaf tissue in transgenic (Col-0) plants expressing P1/HCPro accumulated DCL1 mRNA to a 4.3-fold higher level than in leaves of vector-transformed control plants (Figure 4A, lanes 9 and 10) . A modest 1.7-fold increase of DCL1 mRNA was detected in inflorescence tissues expressing P1/HC-Pro. In contrast to the mutant plants, however, little or no increase in the level of 2.5 kb DCL1 RNA was detected in the presence of P1/HC-Pro.
These data are compatible with the DCL1 regulatory model shown in Figure 5A . Wild-type DCL1 mRNA is proposed to be maintained at relatively low levels because functional DCL1 protein catalyzes formation of miRNAs, at least one of which (miR162) targets DCL1 Figure 5C ) [13] . This may also in the cytoplasm. DCL1 is predicted to contain a nuclear explain why miRNAs accumulate to higher levels in the targeting signal [14] , although DCL1 localization data presence of P1/HC-Pro. Increased levels of DCL1 mRNA are presently lacking. It is also possible that there are may lead to higher levels of DCL1 protein, which may additional miRNA target sites or DCL1-sensitive proincrease the capacity for miRNA precursor processing. cessing sites in the 2.5 kb RNA. The response of full-length and truncated forms of Finally, although there is no established connection DCL1 RNAs in the different genetic backgrounds may between the intron 14-associated aberrant splicing of be informative about the site of miRNA activity. Because DCL1 pre-mRNA and the miRNA-mediated regulation both full-length mRNA and 2.5 kb truncated RNAs are of DCL1, the possible role of intron 14 in DCL1 expressensitive to active DCL1 and HEN1 (Figure 4, lanes 1-8) , sion is rather intriguing. Further study is required to test and because the miR162 interaction site is not present whether the relatively stable 4.0 kb and 2.5 kb DCL1 in the 2.5 kb RNA, we propose that miR162-guided RNA species serve any biological function. cleavage occurs on partially spliced pre-mRNA in the nucleus. It is also likely that DCL1 mRNA is sensitive to
